
















































































































































































































































































Lumber volume sold cub.m 90 98.0                     99.0                    
Lumber price  R/cub.m. 3,000.00R          3,000.00R          3,000.00R         
Sales Lumber volume sold x Lumber price 270,000.00R      294,000.00R      297,000.00R     
Log price R/cub.m. 500.00R              500.00R              500.00R             
Recovery % 45% 49% 45%
Logs processed cub.m Lumber volume sold divided by recovery % 200 200 220
Cost of Sale Log price x log volume processed 100,000.00R      100,000.00R      110,000.00R     
Gross Profit Sales ‐ Cost of sales 170,000.00R      194,000.00R      187,000.00R     
Overhead expences  100,000.00R      100,000.00R      100,000.00R     













































































































































































































































































































































































































































































































































































































































































































1.34  0.77  0.77  1.06 
Medium error  +/‐ 5mm or 
+/‐ 7,5 degrees 
2.40  1.22  1.49  2.11 
High error  +/‐ 10mm or 
+/‐ 10 degrees 



















































































































































































































































































































































      select a new point  nv  in the neighbourhood of  cv  
      if eval ( cv ) < eval ( nv ) 
        then  nc vv   
        else if random [0,1) < e Tvevalveval cn /))()((   
          then  nc vv   
    until (termination condition) 
    T   g ( T , t ) 




































  P(i)   =   Value of the i‐th element in the probability vector 































population. Each position is evaluated with regard to some fitness measure, namely:	݂ ∶ 	 R௡ → 	R. 
Let the position of the particle be denoted by  ݔԦ 	∈ 	R௡ and the velocity by ݒԦ	. The particle’s velocity is 
updated by the following equation (Shi 1998): 
ݒԦ 	← 	߱ݒԦ 	൅ 	߶௣ݎ௣ሺ݌Ԧ െ ݔԦሻ ൅ ߶௚ݎ௚ሺ Ԧ݃ െ ݔԦሻ 
Where 





  ݎ௣ , ݎ௚ ∼	∪ ሺ0,1ሻ are stochastic variables weighing the user defined variables, i.e., 












































































































































SED: 180 – 219 mm 
SED: 240 – 279 mm 

















































































































    until ܰሺݔ௡௢௪, ݐሻ is exhausted 
 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL) 
2  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL) 
3  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL) 
4  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  1 . f(TL) 
5  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL) 
6  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  1 . f(TL) 
7  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  1 . f(TL)  ‐1 . f(TL) 
8  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  1 . f(TL)  1 . f(TL) 
9  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL) 
10  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL) 
11  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL) 
12  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  1 . f(TL) 
13  ‐1 . f(TL)  1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL) 
14  ‐1 . f(TL)  1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  1 . f(TL) 
15  ‐1 . f(TL)  1 . f(TL)  1 . f(TL)  1 . f(TL)  ‐1 . f(TL) 
16  ‐1 . f(TL)  1 . f(TL)  1 . f(TL)  1 . f(TL)  1 . f(TL) 
17  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL) 
18  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL) 
19  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL) 
20  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  1 . f(TL) 
21  1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL) 
22  1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  1 . f(TL) 
23  1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  1 . f(TL)  ‐1 . f(TL) 
24  1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  1 . f(TL)  1 . f(TL) 
25  1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL) 
26  1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL)  1 . f(TL) 
27  1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  ‐1 . f(TL) 
28  1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  1 . f(TL)  1 . f(TL) 
29  1 . f(TL)  1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  ‐1 . f(TL) 
30  1 . f(TL)  1 . f(TL)  1 . f(TL)  ‐1 . f(TL)  1 . f(TL) 
31  1 . f(TL)  1 . f(TL)  1 . f(TL)  1 . f(TL)  ‐1 . f(TL) 




























  Offset (mm) 











75º             
60º       4426    4227  
45º    4525   4518   4319   
30º 4944  4640  4417  4310  4411    
15º  4739 4733 4634  439 432 453     
0º 4643 4738 4832 4624 4516 458 471 424 4112 4020 4028  
345º  4537 4736 4635  447 446 435     
330º 4542  4641  4515  4314  3813    
315º    4523   4322   3521   
300º   4631    4230    3229  
































75º     4234       4235 
60º      4326    4327   
45º   4633 4525   4218  4319    
30º     4417  4310 4311     
15º    4524  459 452 453   4128  
0º 4847 4841 4732  4516 448 481 434 4312 4020   
345º 4746 4940 4642   477 446 455 3913    
330º 4645 4744 4643  4615  4414     4036 
315º   4531  4523 4322   3521    
300º       4230   3329   






























































































































































Normal:         [0; 0; 0] = 1 position, horns-up & centered.
Range 1:       [345º to 15º and 165º to 195º; -5 to
                     5 mm; -10 to 10 mm] = 90 positions;
Range 2:       [330º to 30º and 150º to 210º; -10 to
                     10 mm; -15 to 15mm] = 350 positions;
Range 3:       [300º to 60º and 120º to 240º; -15 to
                     15 mm; -25 to 25 mm] = 1386 positions; 
Range 4:       [0º to 360º; -30 to 30 mm; -30 to 30 mm] =
                     4056 positions. 
Positioning annotation: [rotation; offset; skew ing]









found  in  Appendix  B.  The maximum  recovery  in  the  search  space  is  also  shown  together with  the 
recovery which would  result  from  the  centred  horns  up  position.  A  strategy  of  randomly  selecting 
positioning solutions  from the search range  is also shown  for comparative purposes. The results of all 











  Parameters    Average maximum volume recovery 










       
0.1  0.03  0.05  1  50.73 %  51.20 %  51.78 % 
0.1  0.1  0.1  2  50.80 %  51.20 %  51.85 % 
0.2  0.03  0.05  3  50.95 %  51.33 %  51.57 % 
0.2  0.1  0.1  4  50.89 %  51.31 %  51.71 % 
Particle Swarm 
Optimisation (PSO) 
Velocity = 0.5  5  50.82 %  51.06 %  51.06 % 
Velocity = 1.0  6  51.31 %  51.43 %  51.45 % 
Velocity = 1.5  7  51.55 %  51.61 %  51.61 % 
Simulated 
annealing (SA) 
Starting temp = 5 000; 10% cooling  8  50.88%  51.24%  51.82% 
Starting temp = 50 000; 10% cooling  9  50.80%  51.13%  51.81% 
Starting temp = 5 000; Linear cooling  10  50.78%  51.15%  51.80% 
Tentacle  Rigid tentacles; constant growth  11  51.50%  51.62%  51.90% 
Flexible tentacles; constant growth  12  51.52%  51.70%  51.89% 
Rigid tentacles; accelerating growth  13  51.28%  51.43%  51.57% 
Random selection of positions within search space  14  50.86%  51.24%  51.79 % 
Exhaustive search  Range 1 (see Figure 18)  15    51.74 %   
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The past two decades have been marked by severe difficulties for the South African solid wood 
processing industry. A total of 143 out of 188 formal sawmills in South Africa have closed down since 
1988. This industry, however, is still an important employment source, providing direct jobs to about 113 
000 people (the number of employees can be seen in proper perspective when it is compared with the 
approximately 112 000 people directly employed by the more prominent automotive manufacturing 
industry). If the trend in sawmill closures is to be reversed in the long run, technological solutions will 
have to play an important part in improving the efficiency of our industry.  
One of the most critical areas in the timber production process in terms of the conversion efficiency is the 
positioning of a round log in front of the primary breakdown saw. This proposal describes the 
development of a system that optimises the positioning of a log in front of the primary breakdown saw. 
The system uses an innovative optimisation model and log-marking system, together with three-
dimensional laser scanning, to replace the more subjective operator judgement when positioning a log. 
Unlike other log optimisation systems currently in use, no expensive automated positioning equipment is 
required with this system. The product addresses the requirement of improved log conversion efficiency 
by optimising the log-positioning process without the use of expensive automated positioning equipment. 
The total budget for the project is R5,5 million over three years.  
The product is aimed at the low- to medium-sized sawmills that cannot economically justify existing log- 
positioning optimisation systems – the market segment in which nearly all South Africa’s formal sawmills 
fall. The unique optimisation concept will enable sawmills to use their existing operator-controlled log-
positioning equipment to achieve optimum positioning results. Apart from the fact that a much smaller 
capital outlay is required to install the system, simulation results indicate that the mathematical 
optimisation model that was developed will be able to provide superior solutions to those provided by 
currently available systems. The same conditions found in the South African timber-processing industry 
are also present in many other parts of the world, facilitating the international marketing of the product.  
This project aims to develop an innovative technology that will significantly impact on our industry and 
similar industries overseas, and which will help to further establish our small sawmilling equipment 
manufacturing sector.  
(The values quoted in this summary are from: Crickmay Associates. 2004. Supply and Demand Study of 
Softwood Sawlog and Sawn Timber in SA; and International Organisation of Motor Vehicle 






1. DESCRIPTION OF RESEARCH AND DEVELOPMENT IDEA / INNOVATION 
The sawmilling industry in South Africa has endured severe difficulties over the last two decades, 
experiencing closure of nearly 80% of all formal sawmills in the country. The closures have had 
devastating social consequences for the rural areas, where forestry and sawmilling are often the only 
formal means of employment available. One of the main problems experienced has been the conversion 
inefficiencies in medium-sized sawmills, which still tend to make use of old, outdated equipment. Due to 
the geographical spread and ownership patterns of forest resources in South Africa, in most cases large 
high-throughput sawmills, which might otherwise justify implementation of the latest, most efficient 
processing technologies, are not viable. The log-positioning optimisation system proposed here is an 
attempt to develop a system that will be capable of drastically improving the conversion efficiencies of 
small to medium-sized sawmills.  
 A measure of the processing efficiency in a sawmill is the value recovery that it achieves – that is, the 
average final product Rand value created per cubic metre of round log processed. Closely related to 
value recovery is a measurable called volume recovery, which can be defined as the product volume 
output as a percentage of log volume input. Maximising these two measurables is the management 
objective of most sawmills worldwide.  
A detailed sawmill simulation study (conducted by C.B. Wessels in 2004) has already quantified the 
significant improvements in value and volume recovery possible if a log is positioned optimally in front of 
the primary breakdown saw of a sawmill. The objective of this project is to design and develop an 
innovative log-positioning system aimed at both the South African and the international sawmilling 
industries. The proposed system aims to be more efficient in terms of value and volume-recovery 
solutions than are other log-positioning systems that are currently available. Due to a unique optimisation 
approach, the proposed system will also be much less costly than current systems. Initial cost analyses 
and simulation studies suggest that the envisaged goals may be attained if a few novel system 
components are successfully developed. The proposed system will consist of the following components: 
1. A 3D laser-scanning system; a frame; and the materials handling component. The scanning 
system must provide an accurate three-dimensional image of a log. Three-dimensional log-
scanning is a well-developed technology, and scanning equipment available from Microtec will be 
used. The scanning cameras and log-marking system will be mounted on a single structure that 
will be placed over a conveying system that feeds logs into a sawmill. The development of log-
positioning equipment using limited automation, together with radio frequency tags, will also be 
investigated. 
2. Process optimisation software. Process optimisation software is a critical component of the 
system and will determine the degree of efficiency in terms of value and volume recovery of 




obtained from the scanning system, as well as information on the sawmill manufacturing process, 
to determine the optimum log position. The basic problem with finding an optimum log position is 
that, though literally thousands of different positions are possible for any one log, the optimum 
position must be found within only a few seconds. A unique log-positioning optimisation process, 
using a simulation system coupled with a meta-heuristics algorithm, has already been tested in 
an initial study (C.B. Wessels, 2004). Very positive results were obtained in the study, showing 
excellent possibilities for improvement when using the proposed method when compared with 
other traditional positioning methods.  
3. The log-marking system. An innovative approach applicable to especially low to medium-
volume throughput sawmills is proposed for positioning and feeding logs through the primary 
breakdown saw. Automated positioning and feeding systems normally used in log-positioning 
optimisation systems tend to be extremely costly, so that they are only truly applicable in high-
throughput sawmills. In the automated systems, scanning takes place immediately in front of the 
automated positioning equipment. In the proposed system, however, the log will be scanned at a 
separate location, allowing for marking of the log ends. The existing operator-controlled 
positioning equipment in a sawmill can then be used to position the log according to the marks 
already made, obviating any need for expensive positioning equipment. An additional advantage 
of the system is that log movement during scanning and positioning, which is a major problem in 
the high throughput automated positioning systems, will be eliminated. An appropriate log-
marking system will, however, have to be developed for operation together with the scanning 
system. Three different marking methods will be evaluated before development, namely a radio 
frequency identification method, an automated paint-mark application method, and manual 
marking.  
 
Innovation and unique features 
The major innovatory feature of the proposed product is the coupling of the simulation approach to a 
meta-heuristics algorithm in order to secure an optimal position solution, which is aimed at providing 
superior results to those obtained by means of the methods currently in employ. The optimisation method, 
which is based on a genetic algorithm, facilitates much wider searching (in terms of log-positioning 
variables) in order to secure an optimum position. Testing by means of a simulation study has shown that 
the proposed method is capable of providing significant improvements on the existing methods.  
The second unique feature of the system entails the log-marking system employed. The system allows 
sawmills to use existing operator-controlled positioning equipment to position a log under the direction of 
a laser beam according to marks made on the log (thus obviating any need for automated positioning 
equipment). As the proposed log-positioning optimisation system will be feasible for small to medium-




advantage of the log-marking system is that log movement during transport will not adversely affect 
results. Current automated log-positioning systems tend to record log images inaccurately when logs  
The use of Internet search engines to locate relevant information 
A Boolean search (using the operator “AND”) was used on the search engines www.dogpile.com and 
www.ananzi.co.za to locate websites featuring the words “sawmill”, “log”, “optimisation / optimization”, 
“positioning”, and “scanning” in combination. Although 62 sites in all were located in this way, none of the 
products or systems described on the websites employed the optimisation approach proposed in this 
project. An interesting technological review of the Canadian Federal Government Department of Industry 
(http://strategis.ic.gc.ca/epic/internet/infi-if.nsf/en/fb01381e.html) highlighted problem areas and 
opportunities for research relating to the forest industry. The following information relating to problems 
experienced during the primary breakdown process in the average sawmill appears on the site, which 
was last updated in April 2005: 
 “Computing and software capabilities have to be improved to ensure that the optimisation process is 
completed before a solution is retained.” 
“The weak link in the primary breakdown process is the mechanical components that must implement 
breakdown solutions identified by the optimisation software. Mills currently have to accept log movement 
at every step of the log positioning and breakdown process” 
The current project aims to solve both problems. 
Existing patents located by means of a search conducted on Espacenet  
A combination of the keywords “log”, “saw” and “positioning” to search for existing patents and patent 
applications on the www.espacenet.com website resulted in finding 25 patents or patent applications 
described in these terms in their abstracts or titles. Addition of more keywords resulted in a zero outcome. 
No patents exist for optimisation algorithms. Most of the patents located related to a combination of 
automatic positioning equipment and scanning methods, none of which is of relevance to the proposed 
project. 
The sharing of intellectual property and patents 
Intellectual property will be shared between the consortium members based on the inputs received from 
each. 
2. CONSORTIUM / ORGANISATIONAL PLAN 




Forest- and forest-products-related research and development forms one of the two main activities of the 
Department of Forest and Wood Science at Stellenbosch University. As such, this project will definitely 
form part of the core activities within the Department. The Forest and Wood Science Department will be 
the leading organisation in this project, providing overall project management. The Department will also 
be responsible for development of the relevant process optimisation software. The Mechatronics Group, 
based in the Mechanical Engineering Department at Stellenbosch University, specialises in the design of 
integrated mechanical and electronic systems. The Group will be responsible for the design and 
integration of the scanning, material-handling, and log-marking system components.  
Multisaw is a South African manufacturing company specialising in the design, development and 
manufacturing of wood-processing equipment. Multisaw, which was first established in 1991, has been 
responsible for introducing a number of new products into the South African market since then. Due to its 
experience with manufacturing sawmilling equipment, Multisaw will manufacture the commercialised 
product concerned. Since the company is well acquainted with the sawmilling environment, it will also be 
intimately involved with all the design stages of the proposed product. In terms of the National Small 
Business Amendment Bill of 2003, Multisaw is regarded as a small business (the confidential financial 
statements of Multisaw are available for scrutiny by Innovation Fund personnel). 
Nukor is the largest seller of sawmilling equipment in Africa. Apart from the core business of marketing 
and providing maintenance support for mostly European sawmilling equipment, Nukor also has an 
engineering division, so that it can design and manufacture some of its own equipment. As such, Nukor 
will be responsible for the commercialisation and marketing of the relevant positioning optimisation 
equipment. The company will also be involved with the design of the proposed product. In terms of the 
National Small Business Amendment Bill of 2003, Nukor is regarded as a medium-sized business (the 
confidential financial statements of Nukor are available for scrutiny by IF personnel). 
Risk sharing 
Most of the research and development work preceding this proposal has been conducted at the 
Department of Forest and Wood Science at Stellenbosch University over the past two years. The 
investment to date includes various simulation studies, the development of an optimisation algorithm, and 
industry visits, the value of which could roughly convert to R250 000. For the development and testing of 
components of the proposed system, use will largely be made of already existing equipment and facilities 
available at Stellenbosch University. As part of sharing the risk of the project, Nukor will not charge a fee 
for the time spent by their employees on this project.  
Organisational plan 
The project can be separated into four components, with a specific organisation being responsible for 




well as materials handling, will be performed by the Mechatronics Group at Stellenbosch University, while 
the design and development of the process optimisation software will be undertaken by the Department of 
Forest and Wood Science of Stellenbosch University. Nukor will be responsible for the commercialisation 
of the product. While Multisaw and Nukor will both be involved in all the design stages, Multisaw alone will 
be responsible for the manufacture of the commercialised product. Overall project management will be 
performed by the Department of Forest and Wood Science at Stellenbosch University.  
A project management committee consisting of at least one representative of each organisation 
concerned will manage the project. Decision making will take place by way of consensus. However, when 
necessary, voting will occur, with each organisation having one vote. Stellenbosch University’s financial 
system will be used for purposes of project finance management. 
Key management personnel 
Brand Wessels holds a BEng (Industrial Engineering), as well as an MSc cum laude (Wood Science) 
degree. While working for five years for Environmentek (CSIR) as a project manager focusing on solid-
wood processing research and development, he was responsible for, amongst other projects, the design, 
development and commercialisation of the sawmill simulation software package Simsaw 6, as well as of 
the linear-programming-based Sawmill Production Planning System (SPPS) software package. His focus 
in his current position with the Department of Forest and Wood Science at Stellenbosch University is on 
solid-wood processing. Wessels will be responsible for the design and development of the process 
optimisation software, as well as for the overall management of the project. 
John Mortimer, a forestry graduate, worked for many years in the forestry and sawmilling industries in 
South Africa and Canada, including as the national production manager and marketing manager of Mondi 
Timber. After serving as the national chairman and, later, the executive director of the South African 
Lumber Millers Association (SALMA) for 9 years, he joined Stellenbosch University as a faculty manager 
in the Faculty of Agricultural and Forestry Sciences. John is the current national chairman of the South 
African Wood Preservers Association (SAWPA), as well as the chairman of the Board of Trustees of the 
Furniture Technology Centre (Furntech). He stands to play an important role in the commercial 
management of the project. His knowledge and experience of the sawmilling industry will be especially 
useful during the initial design phase, as well as during the commercialisation phase. 
Kristiaan Schreve holds a PhD in Mechanical Engineering from Stellenbosch University. After working 
as a production manager in the GCC Rapid Product Development laboratory, he assumed a senior 
lectureship with the Mechanical Engineering Department of Stellenbosch University in 2003. His 
involvement with the Mechatronics and Design Group in the Mechanical Engineering Department 
revolves around his concern with the fields of reverse engineering, CAD modelling, and rapid prototyping. 





Corné Coetzee, with a PhD in Mechanical Engineering, is currently a senior lecturer in the Mechanical 
Engineering Department at Stellenbosch University. Apart from his experience of the design and 
optimisation of specifically mining equipment and his focus on computational mechanics research, his 
fields of expertise include those of strength of materials and finite element methods. With his wide-
ranging experience, Coetzee will be responsible for certain of the mechanical design tasks that form an 
indispensable part of the project. 
Stephen Röth, a director at Nukor, holds a BSc Wood Science degree, as well as an MBA degree. His 
17 years experience in the sawmilling equipment supply and manufacturing industry includes his 
completion of numerous multimillion Rand wood-processing equipment installations in various parts of the 
world. As well as being responsible for the commercialisation of the product, he will also be involved in 
the design stages of the project. 
Neil Murray is the owner and manager of Multisaw, which he started by himself in 1991. Multisaw has 
been responsible for developing and commercialising various new sawmill processing products. Apart 
from managing the company, Murray is also involved in the design of new products. As well as being 
involved with the design of the log-positioning system, he will also be responsible for manufacturing the 
commercialised product. 
3. MARKETING PLAN / COMMERCIALISATION 
Market opportunity 
Mounting financial pressures are currently forcing wood processors to increase their efficiency in 
converting logs into lumber. For a medium-sized South African softwood sawmill processing 100 000 m³ 
of round logs per year, an increase in volume recovery of 1% translates into roughly R1,5 million extra 
income, without the need to use more raw materials. The importance of volume and value recovery 
efficiency in wood-processing industries is accepted worldwide and is usually one of the primary 
management measures of any sawmill. From an environmental perspective, increasing log-conversion 
efficiency is of equal importance, as the efficient use of scarce timber resources should make a significant 
contribution to helping the whole world move towards a more sustainable supply-demand scenario.  
The main objective of the proposed log-positioning optimisation system is to increase the value and 
volume recovery efficiency of the log breakdown process. A simulation study has already shown that the 
proposed optimisation method will result in an increase in volume recovery of at least 2% to 5% when 
replacing operator judgment in a typical South African sawmill. Due to the similarity with other softwood 
log breakdown patterns in most other countries, the results stand to have universal implications. 
Currently available automated log-positioning optimisation equipment is aimed at satisfying the needs of 
high-throughput sawmills. However, a sizable proportion of sawmills fall outside the required throughput 




sawmills have so far implemented automated log-positioning optimisation equipment, causing doubt as to 
whether other sawmills will be able to justify purchasing such a system at the current price. As previously 
mentioned, current systems also experience difficulty with log stability, resulting in scanning inaccuracy 
and sub-optimum positioning. 
Considering the minimum volume recovery increase scenario of 2% for a South African sawmill of  
100 000 m³ annual log intake, the overall increase should translate into an extra R3 million income per 
annum. Such an increase in volume recovery will lead to negligible extra cost, so that the extra income 
will be able to be directly added to the company’s bottom line. Due to the unique positioning optimisation 
approach, no expensive automated positioning equipment will be required. Initial cost calculations 
suggest that manufacture of the product should cost less than R800 000. At an estimated purchase price 
of R1,2 million, a 100 000 m³ throughput sawmill stands to benefit from a payback period of under six 
months.  
The key success factors of the product are its relatively low cost (a short payback period); enhanced 
efficiency (an increase in the relevant sawmill’s volume and value recovery); and superior quality. The 
need for equipment to be robust and easy to maintain in the sawmilling environment will form a primary 
focus of the design process. Another very important advantage of the product is that it does not interfere 
with the production process. If it breaks down or while installation takes place, production can continue 
normally albeit without the optimisation option. 
Market segment analysis 
The following scenario will be used to estimate the potential market size for the proposed product: A one-
year payback period is required; the product will result in a volume and value recovery increase of 2%; 
the average selling price of timber is R1 500/m³; and the selling price of the product is R1,2 million. Based 
on these very conservative values, the product will be affordable for a sawmill with 40 000 m³ log 
throughput. 
Currently, 41 sawmills of 40 000 m³ or higher annual log throughput exist in South Africa. Internationally, 
the exact number of sawmills is not known. However, based on the fact that South Africa currently 
produces 0,4% of the world’s saw-timber logs, the potential international market size is likely to be more 
than 1 000 sawmills. However, the incompatibility of the proposed product with certain types of log 
breakdown equipment, such as with carriage bandsaw systems, is likely to reduce the actual potential 
market size by an unknown percentage. This relatively minor shortcoming is unlikely to have a significant 
impact on the local market, however, as nearly all South African sawmills do, in fact, use production 




(The values given in the “Market segment analysis” above are based on information obtained from the 
following sources: SA Lumber Index, September 2005, Crickmay and Associates; Commercial Timber 
Resources and Roundwood Processing, 1996/7, the Department of Water Affairs and Forestry; Personal 
Communication, Mandy Gibson, Crickmay and Associates, November 2005.)  
Competitor analysis 
The proposed product is aimed in the first place at a segment of the market that cannot justify the 
expensive automated positioning optimisation equipment currently available from European and North 
American manufacturers. As no other product presently obviates the need for expensive automated 
positioning equipment, in the low to medium-throughput sawmill market segment, no direct competition 
exists from other products at the moment. 
The competitive advantage of the proposed product over current systems is based on the following 
factors: 
– the significantly lower cost, due to the unique optimisation approach; 
– the optimisation algorithm providing optimum or close-to-optimum positioning solutions; 
– the non-interference of the scanning and marking operations with the production line, resulting in the 
absence of production downtime, even in cases where the scanning and marking system temporarily fails 
(which is of particular importance in the sawmilling environment, which is often situated at some distance 
from a service centre); and 
– the simplicity and robustness of the system, which makes it relatively easy to maintain and repair. 
Marketing strategy 
The marketing strategy will involve initially focusing on a few successful installations in South Africa. 
Since the country has a small and close-knit sawmilling community, initial successful installation of the 
proposed system at a local sawmill will be critical. The consortium member Nukor, which will assume 
responsibility for marketing the product, has an excellent reputation not only in South Africa, but also 
throughout other parts of the world, and has established close contact with many sawmills on the 
continent. The Capesaw sawmill in Stellenbosch has already assented to making its plant available for 
testing of the prototype.  
A similar commercial and technological environment as that present in South Africa is also present in 
many other parts of the world, which will facilitate international marketing of the product. The Ligna Fair 
that takes place regularly in Germany is seen as providing the most suitable venue for international 
exposure of the proposed product, as the Fair is the largest wood-processing equipment fair in the world. 




makers in their respective companies. However, international marketing of the product will only follow the 
first few successful installations of the systems in South Africa and will, therefore, not fall within the time-
scope allowed for this project. 
Stephen Röth of Nukor, assisted by John Mortimer of Stellenbosch University, will be responsible for the 
commercialisation stage of the project. Nukor, as the largest sawmilling equipment retailer in South Africa, 
already serves as the agent for many of the foremost sawmilling equipment brands throughout the world. 
Röth and Mortimer both have many years of management experience in the sawmilling and sawmill 
equipment marketing environments respectively.  
4. PROJECT ACTION PLAN AND 5. BUDGET 
The attached Gantt chart, including the budget, explains the different tasks involved in the project, the 
cost per task, the timeframe and set deadlines, the breakdown of costs per consortium member, as well 
as the anticipated costs per quarter. .All costs are, where applicable, VAT inclusive. Buffer-times, which 
have been included in the estimation of tasks, should ensure that no slippage occurs. Regular project 
meetings will ensure the timely identification of tasks at risk of late completion and allow for the taking of 
corrective actions already planned. Each major task will culminate in the reaching of a significant 
milestone (see tasks 1 – 6 of the attached Gantt chart). Any of the milestones suggested could act as a 
potential exit point for the project if an insurmountable problem arises during the project. 
6. PROJECT RISKS 
The current opportunity that exists in the market for a log-positioning optimisation system aimed at low to 
medium-sized sawmills being filled by a competitive product is a major risk for the project envisaged. A 
countermeasure to this risk involves proceeding as fast as possible with product development. Excellence 
in, and innovation of, design will also increase the value of the product in relation to that of other possible 
future competitive products. 
In order to overcome the risk attendant on having to adhere to prescribed time and budget constraints, an 
experienced project manager will be involved from the start in the planning and execution of the project. 
Stellenbosch University’s financial and project management system will also be used to keep track of 
project expenses. Apart from regular technical project meetings and ongoing communication between 
members of the consortium, project management meetings will be held every six months. The objective of 
these meetings will be to evaluate the project in terms of budget, time and scope and to plan corrective 
actions, when, and if, necessary.  
Technical risks relate to the accuracy and robustness of the system in the sawmilling environment. To 
countermeasure such risks, members of the engineering design team will visit several sawmills in South 




hand experience of the sawmilling environment should then help the engineers involved to quantify the 
design parameters of the project. The involvement of an experienced sawmilling manager and sawmill 
equipment manufacturers in the design stages will further ensure that the product complies with industrial 
requirements. Testing of components in the sawmilling environment will also take place as prototypes of 




































































Avg. 49.872 52.378 51.797 51.810 51.818 51.568 51.893 51.897
1 35.86 43.32 41.68 40.99 41.21 40.29 42.38 40.29
2 41.51 43.78 42.91 42.85 43.32 42.85 43.32 42.85
3 50.36 53.66 51.85 52.44 53.47 52.3 51.91 51.91
4 45.7 46.29 46.09 45.7 46.29 46.09 46.09 46.09
5 43.73 44.06 43.73 43.73 44.06 44.06 44.06 44.06
6 48.84 51.41 51.12 51.12 50.84 51.12 51.12 51.12
7 43.93 46.68 46.13 46.68 45.13 46.68 45.88 46.68
8 45.68 46.81 45.93 46.68 46.81 46.81 46.81 46.81
9 45.44 48.09 47.87 47.2 47.32 46.76 46.76 46.76
10 68.54 71.09 70.42 71.09 71.09 70.86 70.86 70.86
11 51.61 53.55 53.16 53.16 52.97 53.35 53.35 53.35
12 48.7 52.97 51.61 51.61 51.22 51.03 51.61 51.03
13 44.61 47.85 46.79 46.79 45.26 46.55 44.61 47.2
14 44.86 45.96 45.96 45.96 45.41 45.41 45.41 45.96
15 45.68 49 48.31 48.31 48.72 48.17 48.31 48.72
16 47.05 48.48 47.41 47.41 48 48.12 48.12 48.12
17 39.02 42.69 42.48 42.48 42.69 42.48 42.48 42.48
18 47.84 50.25 50.25 50.25 49.1 50.25 49.62 49.94
19 40.03 43.66 43.29 43.29 43.48 42.36 42.83 43.66
20 45.06 47.3 46.46 46.46 45.99 47.11 47.2 47.2
21 50.22 51.62 50.22 50.22 50.78 50.22 50.64 50.64
22 51.76 54.99 54.43 54.43 54.71 52.45 54.99 54.71
23 54.88 58.17 57.47 57.47 57.82 55.82 58.17 57.94
24 54.59 56.7 56.2 56.2 56.5 55.09 56.7 56.7
25 57.11 58.92 58.52 58.52 58.52 57.11 58.81 58.92
26 48.03 51.62 50.48 50.48 51.62 48.21 51.62 50.74
27 50.64 53.26 52.33 52.33 51.87 50.94 52.02 52.02
28 54.72 57.5 57.04 57.04 56.81 55.11 57.35 57.35
29 46.89 47.58 47.16 47.16 47.58 46.89 47.58 47.58
30 51.88 54.23 53.76 53.76 54.23 52.37 54.17 53.76
31 50.29 52.24 51.75 51.75 51.87 51.51 51.63 51.75
32 49.81 52.24 51.99 51.99 51.51 51.14 51.26 51.14
33 51.27 53.1 52.49 52.49 53.1 53.1 52.08 53.1
34 46.45 48.81 48.03 48.03 48.81 48.81 48.81 48.81
35 49.08 52.75 51.7 51.7 51.88 51.35 51.88 51.53
36 47.98 49.35 49.35 49.35 48.43 49.19 49.19 49.19
37 52.71 53.11 52.71 52.71 52.98 52.71 53.11 53.11
38 54.05 56.61 55.6 55.6 56.34 56.21 56.34 56.54
39 50.61 52.64 52.64 52.64 52.28 52.4 52.4 52.4
40 55.28 56.6 55.88 55.88 56.12 56.6 56.6 56.6
41 46.27 53.4 52.84 52.84 53.4 52.32 52.32 52.32
42 49.98 55.03 54.47 54.47 52 51.99 52 52
43 54.56 54.87 54.56 54.56 54.56 54.87 54.87 54.87
44 49.47 52.77 52.5 52.5 52.63 52.5 52.5 52.5
45 39.81 46.87 46.87 46.87 45.69 46.79 46.79 46.72
46 56.28 57.22 57.04 57.04 57.16 56.99 56.93 57.16
47 57.04 57.98 57.98 57.98 57.66 57.72 57.72 57.72
48 58.93 60.36 59.29 59.29 60.36 60.36 60.36 60.36
49 53.8 54.83 54.69 54.69 54.6 54.6 54.6 54.6
50 54.79 54.79 54.79 54.79 54.79 54.79 54.79 54.79
51 55.83 59.94 57.68 57.68 59.44 57.66 59.94 57.66
52 52.58 53.99 53.85 53.85 53.85 53.85 53.85 53.85
53 51.53 52.58 52.58 52.58 52.16 52.58 52.58 52.58
54 50.97 53.27 52.9 52.9 53.27 53.27 52.54 52.54
55 51.94 52.72 52.72 52.72 52.3 52.3 52.3 52.72
56 52.73 55.48 55.48 55.48 54.43 54.96 54.96 54.96
57 57.48 58.61 58.61 58.61 58.43 58.43 58.43 58.43
58 52.13 55.52 53.49 53.49 54.15 55.52 55.52 55.52
59 52 53.69 52.71 52.71 52.71 52.96 52.77 53.19































































Avg. 49.872 52.378 51.146 51.132 51.238 51.425 51.705 51.622
1 35.86 43.32 39.12 37.26 40.05 40.29 38.66 40.29
2 41.51 43.78 42.91 42.85 42.85 42.85 43.32 42.85
3 50.36 53.66 51.67 52.44 51.81 51.91 51.91 51.91
4 45.7 46.29 46.09 45.7 45.7 46.09 46.09 46.09
5 43.73 44.06 43.73 43.73 43.73 44.06 44.06 44.06
6 48.84 51.41 49.84 51.12 50.84 51.12 51.12 51.12
7 43.93 46.68 46.13 46.68 44.98 45.68 45.68 45.68
8 45.68 46.81 45.93 45.68 46.81 46.81 46.81 46.81
9 45.44 48.09 46.26 45.82 45.82 46.76 46.76 46.76
10 68.54 71.09 69.86 69.43 69.32 70.86 70.86 70.86
11 51.61 53.55 51.61 51.61 52.97 53.35 53.35 53.35
12 48.7 52.97 49.67 49.67 50.06 51.03 51.61 51.03
13 44.61 47.85 45.26 45.26 44.93 44.61 44.61 44.61
14 44.86 45.96 44.92 44.92 45.41 45.41 45.41 45.96
15 45.68 49 48.17 48.17 48.03 48.17 48.03 48.31
16 47.05 48.48 47.41 47.41 47.52 48.12 48.12 48.12
17 39.02 42.69 41.75 41.75 41.54 42.48 42.48 42.48
18 47.84 50.25 48.57 48.57 49.1 48.89 49.62 48.78
19 40.03 43.66 43.2 43.2 42.08 42.36 42.55 42.55
20 45.06 47.3 46.46 46.46 45.99 47.02 47.02 46.55
21 50.22 51.62 50.22 50.22 50.22 50.22 50.64 50.64
22 51.76 54.99 54.43 54.43 54.71 52.45 54.71 54.71
23 54.88 58.17 57.23 57.23 56.76 55.82 57.94 57.82
24 54.59 56.7 55.5 55.5 56.5 55.09 55.9 55.9
25 57.11 58.92 57.9 57.9 58.32 57.11 58.61 57.81
26 48.03 51.62 50.48 50.48 51.36 48.21 50.05 50.05
27 50.64 53.26 51.87 51.87 51.41 50.94 52.02 51.87
28 54.72 57.5 57.04 57.04 56.65 55.11 57.35 57.35
29 46.89 47.58 46.89 46.89 46.89 46.89 47.58 47.58
30 51.88 54.23 52.83 52.83 53.24 52.37 53.89 53.76
31 50.29 52.24 51.63 51.63 51.51 51.51 51.63 51.63
32 49.81 52.24 51.99 51.99 50.78 51.14 51.14 51.14
33 51.27 53.1 51.78 51.78 52.7 53.1 51.67 51.67
34 46.45 48.81 47.24 47.24 47.5 48.81 48.81 48.81
35 49.08 52.75 51.18 51.18 51.18 51.35 51.88 51.18
36 47.98 49.35 47.98 47.98 48.43 48.66 48.66 48.43
37 52.71 53.11 52.71 52.71 52.71 52.71 52.71 52.85
38 54.05 56.61 55 55 56.34 56.21 56.34 56.21
39 50.61 52.64 51.8 51.8 52.1 52.4 52.4 52.4
40 55.28 56.6 55.7 55.7 55.28 56.6 56.6 56.6
41 46.27 53.4 51.71 51.71 52 52.32 52.32 52.32
42 49.98 55.03 51.95 51.95 50.95 51.99 51.99 51.99
43 54.56 54.87 54.56 54.56 54.56 54.87 54.87 54.87
44 49.47 52.77 49.47 49.47 51.19 52.5 52.5 52.5
45 39.81 46.87 45.69 45.69 45.69 46.79 46.79 45.4
46 56.28 57.22 56.99 56.99 56.63 56.93 56.93 56.93
47 57.04 57.98 57.45 57.45 57.61 57.56 57.72 57.72
48 58.93 60.36 59.08 59.08 59.88 60.36 60.36 60.36
49 53.8 54.83 53.8 53.8 54.04 54.6 54.6 54.6
50 54.79 54.79 54.79 54.79 54.79 54.79 54.79 54.79
51 55.83 59.94 57.39 57.39 57.07 57.66 59.94 57.66
52 52.58 53.99 53.08 53.08 53.57 53.85 53.85 53.71
53 51.53 52.58 51.53 51.53 51.74 52.58 52.58 52.58
54 50.97 53.27 52 52 51.94 53.27 52.54 52.54
55 51.94 52.72 52.72 52.72 52.18 51.94 51.94 52.3
56 52.73 55.48 54 54 54.15 54.96 54.96 54.96
57 57.48 58.61 58.33 58.33 57.82 58.43 58.43 58.43
58 52.13 55.52 53.49 53.49 53.72 52.88 54.11 54.16
59 52 53.69 52.68 52.68 52.13 52.96 52.77 53.19































































Avg. 49.872 52.378 50.781 50.798 50.877 51.276 51.521 51.503
1 35.86 43.32 39.12 37.26 39.59 38.66 38.66 38.66
2 41.51 43.78 41.51 42.85 42.85 42.44 42.44 42.44
3 50.36 53.66 51.67 52.44 51.81 51.91 51.91 51.91
4 45.7 46.29 46.09 45.7 45.7 46.09 46.09 46.09
5 43.73 44.06 43.73 43.73 43.73 44.06 44.06 44.06
6 48.84 51.41 49.84 50.41 49.55 51.12 51.12 51.12
7 43.93 46.68 46.13 46.68 43.93 45.68 45.68 45.68
8 45.68 46.81 45.93 45.68 46.81 46.68 46.68 46.68
9 45.44 48.09 46.26 45.66 45.44 46.76 46.76 46.76
10 68.54 71.09 68.54 69.43 68.54 70.86 70.86 70.86
11 51.61 53.55 51.61 51.61 51.8 53.35 53.35 53.35
12 48.7 52.97 49.67 49.67 50.06 50.83 50.83 50.83
13 44.61 47.85 45.26 45.26 44.61 44.61 44.61 44.61
14 44.86 45.96 44.92 44.92 45.41 45.41 45.41 45.41
15 45.68 49 48.17 48.17 47.06 47.6 47.6 48.31
16 47.05 48.48 47.41 47.41 47.17 48 48 48
17 39.02 42.69 41.75 41.75 40.76 42.48 42.48 42.48
18 47.84 50.25 48.47 48.47 48.68 48.78 49.62 48.78
19 40.03 43.66 42.36 42.36 41.62 42.36 42.55 42.55
20 45.06 47.3 45.9 45.9 45.99 46.55 46.55 46.55
21 50.22 51.62 50.22 50.22 50.22 50.22 50.64 50.64
22 51.76 54.99 51.76 51.76 54.71 52.45 54.71 54.71
23 54.88 58.17 57.23 57.23 55.23 55.82 57.82 57.82
24 54.59 56.7 55.5 55.5 56.5 55.09 55.9 55.9
25 57.11 58.92 57.11 57.11 58.32 57.11 57.91 57.21
26 48.03 51.62 48.85 48.85 49.52 48.21 50.05 50.05
27 50.64 53.26 51.87 51.87 50.64 50.94 51.87 51.87
28 54.72 57.5 56.42 56.42 56.58 55.11 57.35 57.35
29 46.89 47.58 46.89 46.89 46.89 46.89 47.58 47.58
30 51.88 54.23 52.64 52.64 52.15 52.37 53.69 53.69
31 50.29 52.24 51.26 51.26 51.14 51.51 51.51 51.51
32 49.81 52.24 50.78 50.78 50.78 51.14 51.14 51.14
33 51.27 53.1 51.78 51.78 51.37 51.67 51.67 51.67
34 46.45 48.81 47.24 47.24 46.8 48.81 47.5 47.68
35 49.08 52.75 50.99 50.99 51.18 51.18 51.88 51.18
36 47.98 49.35 47.98 47.98 48.05 48.43 48.43 48.43
37 52.71 53.11 52.71 52.71 52.71 52.71 52.71 52.71
38 54.05 56.61 54.46 54.46 55.26 56.21 56.21 56.21
39 50.61 52.64 51.8 51.8 52.1 52.28 52.28 52.28
40 55.28 56.6 55.28 55.28 55.28 56.6 56.6 56.6
41 46.27 53.4 50.86 50.86 51.65 52.23 52.23 52.23
42 49.98 55.03 51.41 51.41 49.98 51.99 51.99 51.99
43 54.56 54.87 54.56 54.56 54.56 54.87 54.87 54.87
44 49.47 52.77 49.47 49.47 51.19 52.5 52.5 52.5
45 39.81 46.87 41.42 41.42 45.69 45.4 45.4 45.4
46 56.28 57.22 56.28 56.28 56.63 56.93 56.93 56.93
47 57.04 57.98 57.45 57.45 57.3 57.56 57.72 57.72
48 58.93 60.36 59.08 59.08 59.88 60.36 60.36 60.36
49 53.8 54.83 53.8 53.8 54.04 54.6 54.6 54.6
50 54.79 54.79 54.79 54.79 54.79 54.79 54.79 54.79
51 55.83 59.94 55.83 55.83 57.07 57.66 57.66 57.66
52 52.58 53.99 53.08 53.08 53.57 53.71 53.71 53.71
53 51.53 52.58 51.53 51.53 51.53 52.58 52.58 52.58
54 50.97 53.27 52 52 51.94 52.54 52.54 52.54
55 51.94 52.72 51.94 51.94 51.94 51.94 51.94 51.94
56 52.73 55.48 54 54 53.78 54.26 54.96 54.96
57 57.48 58.61 58.33 58.33 57.77 58.33 58.33 58.33
58 52.13 55.52 53.49 53.49 52.13 52.83 52.97 52.83
59 52 53.69 52.34 52.34 52.13 52.77 52.77 53.19































Avg. 49.872 52.378 50.781 51.146 51.797
1 35.86 43.32 39.12 39.12 41.68
2 41.51 43.78 41.51 42.91 42.91
3 50.36 53.66 51.67 51.67 51.85
4 45.7 46.29 46.09 46.09 46.09
5 43.73 44.06 43.73 43.73 43.73
6 48.84 51.41 49.84 49.84 51.12
7 43.93 46.68 46.13 46.13 46.13
8 45.68 46.81 45.93 45.93 45.93
9 45.44 48.09 46.26 46.26 47.87
10 68.54 71.09 68.54 69.86 70.42
11 51.61 53.55 51.61 51.61 53.16
12 48.7 52.97 49.67 49.67 51.61
13 44.61 47.85 45.26 45.26 46.79
14 44.86 45.96 44.92 44.92 45.96
15 45.68 49 48.17 48.17 48.31
16 47.05 48.48 47.41 47.41 47.41
17 39.02 42.69 41.75 41.75 42.48
18 47.84 50.25 48.47 48.57 50.25
19 40.03 43.66 42.36 43.2 43.29
20 45.06 47.3 45.9 46.46 46.46
21 50.22 51.62 50.22 50.22 50.22
22 51.76 54.99 51.76 54.43 54.43
23 54.88 58.17 57.23 57.23 57.47
24 54.59 56.7 55.5 55.5 56.2
25 57.11 58.92 57.11 57.9 58.52
26 48.03 51.62 48.85 50.48 50.48
27 50.64 53.26 51.87 51.87 52.33
28 54.72 57.5 56.42 57.04 57.04
29 46.89 47.58 46.89 46.89 47.16
30 51.88 54.23 52.64 52.83 53.76
31 50.29 52.24 51.26 51.63 51.75
32 49.81 52.24 50.78 51.99 51.99
33 51.27 53.1 51.78 51.78 52.49
34 46.45 48.81 47.24 47.24 48.03
35 49.08 52.75 50.99 51.18 51.7
36 47.98 49.35 47.98 47.98 49.35
37 52.71 53.11 52.71 52.71 52.71
38 54.05 56.61 54.46 55 55.6
39 50.61 52.64 51.8 51.8 52.64
40 55.28 56.6 55.28 55.7 55.88
41 46.27 53.4 50.86 51.71 52.84
42 49.98 55.03 51.41 51.95 54.47
43 54.56 54.87 54.56 54.56 54.56
44 49.47 52.77 49.47 49.47 52.5
45 39.81 46.87 41.42 45.69 46.87
46 56.28 57.22 56.28 56.99 57.04
47 57.04 57.98 57.45 57.45 57.98
48 58.93 60.36 59.08 59.08 59.29
49 53.8 54.83 53.8 53.8 54.69
50 54.79 54.79 54.79 54.79 54.79
51 55.83 59.94 55.83 57.39 57.68
52 52.58 53.99 53.08 53.08 53.85
53 51.53 52.58 51.53 51.53 52.58
54 50.97 53.27 52 52 52.9
55 51.94 52.72 51.94 52.72 52.72
56 52.73 55.48 54 54 55.48
57 57.48 58.61 58.33 58.33 58.61
58 52.13 55.52 53.49 53.49 53.49
59 52 53.69 52.34 52.68 52.71

























Avg. 49.872 52.378 50.798 51.132 51.810
1 35.86 43.32 37.26 37.26 40.99
2 41.51 43.78 42.85 42.85 42.85
3 50.36 53.66 52.44 52.44 52.44
4 45.7 46.29 45.7 45.7 45.7
5 43.73 44.06 43.73 43.73 43.73
6 48.84 51.41 50.41 51.12 51.12
7 43.93 46.68 46.68 46.68 46.68
8 45.68 46.81 45.68 45.68 46.68
9 45.44 48.09 45.66 45.82 47.2
10 68.54 71.09 69.43 69.43 71.09
11 51.61 53.55 51.61 51.61 53.16
12 48.7 52.97 49.67 49.67 51.61
13 44.61 47.85 45.26 45.26 46.79
14 44.86 45.96 44.92 44.92 45.96
15 45.68 49 48.17 48.17 48.31
16 47.05 48.48 47.41 47.41 47.41
17 39.02 42.69 41.75 41.75 42.48
18 47.84 50.25 48.47 48.57 50.25
19 40.03 43.66 42.36 43.2 43.29
20 45.06 47.3 45.9 46.46 46.46
21 50.22 51.62 50.22 50.22 50.22
22 51.76 54.99 51.76 54.43 54.43
23 54.88 58.17 57.23 57.23 57.47
24 54.59 56.7 55.5 55.5 56.2
25 57.11 58.92 57.11 57.9 58.52
26 48.03 51.62 48.85 50.48 50.48
27 50.64 53.26 51.87 51.87 52.33
28 54.72 57.5 56.42 57.04 57.04
29 46.89 47.58 46.89 46.89 47.16
30 51.88 54.23 52.64 52.83 53.76
31 50.29 52.24 51.26 51.63 51.75
32 49.81 52.24 50.78 51.99 51.99
33 51.27 53.1 51.78 51.78 52.49
34 46.45 48.81 47.24 47.24 48.03
35 49.08 52.75 50.99 51.18 51.7
36 47.98 49.35 47.98 47.98 49.35
37 52.71 53.11 52.71 52.71 52.71
38 54.05 56.61 54.46 55 55.6
39 50.61 52.64 51.8 51.8 52.64
40 55.28 56.6 55.28 55.7 55.88
41 46.27 53.4 50.86 51.71 52.84
42 49.98 55.03 51.41 51.95 54.47
43 54.56 54.87 54.56 54.56 54.56
44 49.47 52.77 49.47 49.47 52.5
45 39.81 46.87 41.42 45.69 46.87
46 56.28 57.22 56.28 56.99 57.04
47 57.04 57.98 57.45 57.45 57.98
48 58.93 60.36 59.08 59.08 59.29
49 53.8 54.83 53.8 53.8 54.69
50 54.79 54.79 54.79 54.79 54.79
51 55.83 59.94 55.83 57.39 57.68
52 52.58 53.99 53.08 53.08 53.85
53 51.53 52.58 51.53 51.53 52.58
54 50.97 53.27 52 52 52.9
55 51.94 52.72 51.94 52.72 52.72
56 52.73 55.48 54 54 55.48
57 57.48 58.61 58.33 58.33 58.61
58 52.13 55.52 53.49 53.49 53.49
59 52 53.69 52.34 52.68 52.71

























Avg. 49.872 52.378 50.877 51.238 51.818
1 35.86 43.32 39.59 40.05 41.21
2 41.51 43.78 42.85 42.85 43.32
3 50.36 53.66 51.81 51.81 53.47
4 45.7 46.29 45.7 45.7 46.29
5 43.73 44.06 43.73 43.73 44.06
6 48.84 51.41 49.55 50.84 50.84
7 43.93 46.68 43.93 44.98 45.13
8 45.68 46.81 46.81 46.81 46.81
9 45.44 48.09 45.44 45.82 47.32
10 68.54 71.09 68.54 69.32 71.09
11 51.61 53.55 51.8 52.97 52.97
12 48.7 52.97 50.06 50.06 51.22
13 44.61 47.85 44.61 44.93 45.26
14 44.86 45.96 45.41 45.41 45.41
15 45.68 49 47.06 48.03 48.72
16 47.05 48.48 47.17 47.52 48
17 39.02 42.69 40.76 41.54 42.69
18 47.84 50.25 48.68 49.1 49.1
19 40.03 43.66 41.62 42.08 43.48
20 45.06 47.3 45.99 45.99 45.99
21 50.22 51.62 50.22 50.22 50.78
22 51.76 54.99 54.71 54.71 54.71
23 54.88 58.17 55.23 56.76 57.82
24 54.59 56.7 56.5 56.5 56.5
25 57.11 58.92 58.32 58.32 58.52
26 48.03 51.62 49.52 51.36 51.62
27 50.64 53.26 50.64 51.41 51.87
28 54.72 57.5 56.58 56.65 56.81
29 46.89 47.58 46.89 46.89 47.58
30 51.88 54.23 52.15 53.24 54.23
31 50.29 52.24 51.14 51.51 51.87
32 49.81 52.24 50.78 50.78 51.51
33 51.27 53.1 51.37 52.7 53.1
34 46.45 48.81 46.8 47.5 48.81
35 49.08 52.75 51.18 51.18 51.88
36 47.98 49.35 48.05 48.43 48.43
37 52.71 53.11 52.71 52.71 52.98
38 54.05 56.61 55.26 56.34 56.34
39 50.61 52.64 52.1 52.1 52.28
40 55.28 56.6 55.28 55.28 56.12
41 46.27 53.4 51.65 52 53.4
42 49.98 55.03 49.98 50.95 52
43 54.56 54.87 54.56 54.56 54.56
44 49.47 52.77 51.19 51.19 52.63
45 39.81 46.87 45.69 45.69 45.69
46 56.28 57.22 56.63 56.63 57.16
47 57.04 57.98 57.3 57.61 57.66
48 58.93 60.36 59.88 59.88 60.36
49 53.8 54.83 54.04 54.04 54.6
50 54.79 54.79 54.79 54.79 54.79
51 55.83 59.94 57.07 57.07 59.44
52 52.58 53.99 53.57 53.57 53.85
53 51.53 52.58 51.53 51.74 52.16
54 50.97 53.27 51.94 51.94 53.27
55 51.94 52.72 51.94 52.18 52.3
56 52.73 55.48 53.78 54.15 54.43
57 57.48 58.61 57.77 57.82 58.43
58 52.13 55.52 52.13 53.72 54.15
59 52 53.69 52.13 52.13 52.71
































Avg. 49.872 52.378 51.276 51.425 51.568 4.333 14.250
1 35.86 43.32 38.66 40.29 40.29 5 18
2 41.51 43.78 42.44 42.85 42.85 5 18
3 50.36 53.66 51.91 51.91 52.3 7 12
4 45.7 46.29 46.09 46.09 46.09 7 18
5 43.73 44.06 44.06 44.06 44.06 7 18
6 48.84 51.41 51.12 51.12 51.12 9 18
7 43.93 46.68 45.68 45.68 46.68 7 5
8 45.68 46.81 46.68 46.81 46.81 2 18
9 45.44 48.09 46.76 46.76 46.76 7 18
10 68.54 71.09 70.86 70.86 70.86 5 18
11 51.61 53.55 53.35 53.35 53.35 9 18
12 48.7 52.97 50.83 51.03 51.03 3 18
13 44.61 47.85 44.61 44.61 46.55 9 12
14 44.86 45.96 45.41 45.41 45.41 7 18
15 45.68 49 47.6 48.17 48.17 2 18
16 47.05 48.48 48 48.12 48.12 5 18
17 39.02 42.69 42.48 42.48 42.48 7 18
18 47.84 50.25 48.78 48.89 50.25 2 7
19 40.03 43.66 42.36 42.36 42.36 5 18
20 45.06 47.3 46.55 47.02 47.11 1 18
21 50.22 51.62 50.22 50.22 50.22 0 0
22 51.76 54.99 52.45 52.45 52.45 0 0
23 54.88 58.17 55.82 55.82 55.82 0 0
24 54.59 56.7 55.09 55.09 55.09 0 0
25 57.11 58.92 57.11 57.11 57.11 0 0
26 48.03 51.62 48.21 48.21 48.21 0 0
27 50.64 53.26 50.94 50.94 50.94 0 0
28 54.72 57.5 55.11 55.11 55.11 0 0
29 46.89 47.58 46.89 46.89 46.89 0 0
30 51.88 54.23 52.37 52.37 52.37 0 0
31 50.29 52.24 51.51 51.51 51.51 5 18
32 49.81 52.24 51.14 51.14 51.14 7 18
33 51.27 53.1 51.67 53.1 53.1 3 18
34 46.45 48.81 48.81 48.81 48.81 5 18
35 49.08 52.75 51.18 51.35 51.35 3 18
36 47.98 49.35 48.43 48.66 49.19 2 18
37 52.71 53.11 52.71 52.71 52.71 9 18
38 54.05 56.61 56.21 56.21 56.21 7 18
39 50.61 52.64 52.28 52.4 52.4 3 18
40 55.28 56.6 56.6 56.6 56.6 5 18
41 46.27 53.4 52.23 52.32 52.32 3 18
42 49.98 55.03 51.99 51.99 51.99 7 18
43 54.56 54.87 54.87 54.87 54.87 7 18
44 49.47 52.77 52.5 52.5 52.5 7 18
45 39.81 46.87 45.4 46.79 46.79 3 18
46 56.28 57.22 56.93 56.93 56.99 5 15
47 57.04 57.98 57.56 57.56 57.72 5 15
48 58.93 60.36 60.36 60.36 60.36 7 18
49 53.8 54.83 54.6 54.6 54.6 7 18
50 54.79 54.79 54.79 54.79 54.79 9 18
51 55.83 59.94 57.66 57.66 57.66 9 18
52 52.58 53.99 53.71 53.85 53.85 3 18
53 51.53 52.58 52.58 52.58 52.58 7 18
54 50.97 53.27 52.54 53.27 53.27 3 18
55 51.94 52.72 51.94 51.94 52.3 2 18
56 52.73 55.48 54.26 54.96 54.96 3 18
57 57.48 58.61 58.33 58.43 58.43 3 18
58 52.13 55.52 52.83 52.88 55.52 1 15
59 52 53.69 52.77 52.96 52.96 2 18
































49.872 52.378 51.521 51.705 51.893 3.800 7.333
1 35.86 43.32 38.66 38.66 42.38 6 5
2 41.51 43.78 42.44 43.32 43.32 1 9
3 50.36 53.66 51.91 51.91 51.91 5 9
4 45.7 46.29 46.09 46.09 46.09 2 9
5 43.73 44.06 44.06 44.06 44.06 5 9
6 48.84 51.41 51.12 51.12 51.12 6 9
7 43.93 46.68 45.68 45.68 45.88 5 9
8 45.68 46.81 46.68 46.81 46.81 5 6
9 45.44 48.09 46.76 46.76 46.76 2 8
10 68.54 71.09 70.86 70.86 70.86 4 5
11 51.61 53.55 53.35 53.35 53.35 6 9
12 48.7 52.97 50.83 51.61 51.61 2 1
13 44.61 47.85 44.61 44.61 44.61 3 9
14 44.86 45.96 45.41 45.41 45.41 5 9
15 45.68 49 47.6 48.03 48.31 2 9
16 47.05 48.48 48 48.12 48.12 1 8
17 39.02 42.69 42.48 42.48 42.48 5 9
18 47.84 50.25 49.62 49.62 49.62 3 2
19 40.03 43.66 42.55 42.55 42.83 2 7
20 45.06 47.3 46.55 47.02 47.2 5 7
21 50.22 51.62 50.64 50.64 50.64 5 9
22 51.76 54.99 54.71 54.71 54.99 4 1
23 54.88 58.17 57.82 57.94 58.17 3 9
24 54.59 56.7 55.9 55.9 56.7 5 1
25 57.11 58.92 57.91 58.61 58.81 3 9
26 48.03 51.62 50.05 50.05 51.62 5 4
27 50.64 53.26 51.87 52.02 52.02 5 9
28 54.72 57.5 57.35 57.35 57.35 3 9
29 46.89 47.58 47.58 47.58 47.58 4 9
30 51.88 54.23 53.69 53.89 54.17 5 9
31 50.29 52.24 51.51 51.63 51.63 3 4
32 49.81 52.24 51.14 51.14 51.26 2 6
33 51.27 53.1 51.67 51.67 52.08 1 8
34 46.45 48.81 47.5 48.81 48.81 4 9
35 49.08 52.75 51.88 51.88 51.88 3 9
36 47.98 49.35 48.43 48.66 49.19 2 9
37 52.71 53.11 52.71 52.71 53.11 6 9
38 54.05 56.61 56.21 56.34 56.34 5 3
39 50.61 52.64 52.28 52.4 52.4 3 9
40 55.28 56.6 56.6 56.6 56.6 4 9
41 46.27 53.4 52.23 52.32 52.32 1 8
42 49.98 55.03 51.99 51.99 52 5 6
43 54.56 54.87 54.87 54.87 54.87 5 9
44 49.47 52.77 52.5 52.5 52.5 5 9
45 39.81 46.87 45.4 46.79 46.79 4 2
46 56.28 57.22 56.93 56.93 56.93 4 3
47 57.04 57.98 57.72 57.72 57.72 4 3
48 58.93 60.36 60.36 60.36 60.36 5 9
49 53.8 54.83 54.6 54.6 54.6 2 9
50 54.79 54.79 54.79 54.79 54.79 6 9
51 55.83 59.94 57.66 59.94 59.94 6 9
52 52.58 53.99 53.71 53.85 53.85 1 8
53 51.53 52.58 52.58 52.58 52.58 5 9
54 50.97 53.27 52.54 52.54 52.54 5 9
55 51.94 52.72 51.94 51.94 52.3 6 4
56 52.73 55.48 54.96 54.96 54.96 1 8
57 57.48 58.61 58.33 58.43 58.43 3 9
58 52.13 55.52 52.97 54.11 55.52 2 7
59 52 53.69 52.77 52.77 52.77 3 9
































Avg. 49.872 52.378 51.503 51.622 51.897 4.017 8.000
1 35.86 43.32 38.66 40.29 40.29 4 9
2 41.51 43.78 42.44 42.85 42.85 4 9
3 50.36 53.66 51.91 51.91 51.91 5 9
4 45.7 46.29 46.09 46.09 46.09 5 9
5 43.73 44.06 44.06 44.06 44.06 5 9
6 48.84 51.41 51.12 51.12 51.12 6 9
7 43.93 46.68 45.68 45.68 46.68 5 7
8 45.68 46.81 46.68 46.81 46.81 2 9
9 45.44 48.09 46.76 46.76 46.76 5 9
10 68.54 71.09 70.86 70.86 70.86 4 9
11 51.61 53.55 53.35 53.35 53.35 6 9
12 48.7 52.97 50.83 51.03 51.03 3 9
13 44.61 47.85 44.61 44.61 47.2 6 6
14 44.86 45.96 45.41 45.96 45.96 5 9
15 45.68 49 48.31 48.31 48.72 4 5
16 47.05 48.48 48 48.12 48.12 4 9
17 39.02 42.69 42.48 42.48 42.48 5 9
18 47.84 50.25 48.78 48.78 49.94 2 6
19 40.03 43.66 42.55 42.55 43.66 2 7
20 45.06 47.3 46.55 46.55 47.2 2 7
21 50.22 51.62 50.64 50.64 50.64 5 9
22 51.76 54.99 54.71 54.71 54.71 4 9
23 54.88 58.17 57.82 57.82 57.94 5 9
24 54.59 56.7 55.9 55.9 56.7 5 7
25 57.11 58.92 57.21 57.81 58.92 2 9
26 48.03 51.62 50.05 50.05 50.74 5 7
27 50.64 53.26 51.87 51.87 52.02 1 5
28 54.72 57.5 57.35 57.35 57.35 6 9
29 46.89 47.58 47.58 47.58 47.58 4 9
30 51.88 54.23 53.69 53.76 53.76 3 3
31 50.29 52.24 51.51 51.63 51.75 2 9
32 49.81 52.24 51.14 51.14 51.14 5 4
33 51.27 53.1 51.67 51.67 53.1 2 9
34 46.45 48.81 47.68 48.81 48.81 4 9
35 49.08 52.75 51.18 51.18 51.53 1 9
36 47.98 49.35 48.43 48.43 49.19 5 5
37 52.71 53.11 52.71 52.85 53.11 6 9
38 54.05 56.61 56.21 56.21 56.54 5 9
39 50.61 52.64 52.28 52.4 52.4 3 9
40 55.28 56.6 56.6 56.6 56.6 4 9
41 46.27 53.4 52.23 52.32 52.32 2 9
42 49.98 55.03 51.99 51.99 52 5 6
43 54.56 54.87 54.87 54.87 54.87 5 9
44 49.47 52.77 52.5 52.5 52.5 5 9
45 39.81 46.87 45.4 45.4 46.72 3 9
46 56.28 57.22 56.93 56.93 57.16 4 7
47 57.04 57.98 57.72 57.72 57.72 2 9
48 58.93 60.36 60.36 60.36 60.36 5 9
49 53.8 54.83 54.6 54.6 54.6 3 9
50 54.79 54.79 54.79 54.79 54.79 6 9
51 55.83 59.94 57.66 57.66 57.66 4 9
52 52.58 53.99 53.71 53.71 53.85 4 9
53 51.53 52.58 52.58 52.58 52.58 5 9
54 50.97 53.27 52.54 52.54 52.54 5 9
55 51.94 52.72 51.94 52.3 52.72 6 6
56 52.73 55.48 54.96 54.96 54.96 2 9
57 57.48 58.61 58.33 58.43 58.43 3 9
58 52.13 55.52 52.83 54.16 55.52 2 4
59 52 53.69 53.19 53.19 53.19 4 1











 Project : LC19_1     Run performed on 28-Nov-03 at 12.45.50pm
  LOG IDL190360/02/06025117
Log. No DiameteLength (Taper (mSweep (Ovality Sawing Offset AlignmeRotationRecovery
1 18.2 3.6 5.5 23.2 0.87 1 -30 -30 0 30.94
1 18.2 3.6 5.5 23.2 0.87 1 -25 -30 0 29.37
1 18.2 3.6 5.5 23.2 0.87 1 -20 -30 0 29.17
1 18.2 3.6 5.5 23.2 0.87 1 -15 -30 0 33.79
1 18.2 3.6 5.5 23.2 0.87 1 -10 -30 0 36.07
1 18.2 3.6 5.5 23.2 0.87 1 -5 -30 0 34.43
1 18.2 3.6 5.5 23.2 0.87 1 0 -30 0 35.58
1 18.2 3.6 5.5 23.2 0.87 1 5 -30 0 31.56
1 18.2 3.6 5.5 23.2 0.87 1 10 -30 0 31.03
1 18.2 3.6 5.5 23.2 0.87 1 15 -30 0 34.76
1 18.2 3.6 5.5 23.2 0.87 1 20 -30 0 30.98
1 18.2 3.6 5.5 23.2 0.87 1 25 -30 0 29.23
1 18.2 3.6 5.5 23.2 0.87 1 30 -30 0 27.14
1 18.2 3.6 5.5 23.2 0.87 1 -30 -25 0 28.18
1 18.2 3.6 5.5 23.2 0.87 1 -25 -25 0 28.78
1 18.2 3.6 5.5 23.2 0.87 1 -20 -25 0 28.24
1 18.2 3.6 5.5 23.2 0.87 1 -15 -25 0 32.37
1 18.2 3.6 5.5 23.2 0.87 1 -10 -25 0 35.6
1 18.2 3.6 5.5 23.2 0.87 1 -5 -25 0 35.13
1 18.2 3.6 5.5 23.2 0.87 1 0 -25 0 34.89
1 18.2 3.6 5.5 23.2 0.87 1 5 -25 0 34.63
1 18.2 3.6 5.5 23.2 0.87 1 10 -25 0 29.64
1 18.2 3.6 5.5 23.2 0.87 1 15 -25 0 33.13
1 18.2 3.6 5.5 23.2 0.87 1 20 -25 0 34.76
1 18.2 3.6 5.5 23.2 0.87 1 25 -25 0 29.23
1 18.2 3.6 5.5 23.2 0.87 1 30 -25 0 29.7
1 18.2 3.6 5.5 23.2 0.87 1 -30 -20 0 30.23
1 18.2 3.6 5.5 23.2 0.87 1 -25 -20 0 29.24
1 18.2 3.6 5.5 23.2 0.87 1 -20 -20 0 31.5
1 18.2 3.6 5.5 23.2 0.87 1 -15 -20 0 30.27
1 18.2 3.6 5.5 23.2 0.87 1 -10 -20 0 34.43












Horns up starting position %
Block 1
Exhaustive search
Horns up recovery 35.86
Maximum recovery 43.32
Simulated Annealing Heuristic
Recovery after 350 iterations 40.52
Maximum value within above 40.52
Percentage improvement (at 350)
from horns up to optimum 62.466
Percentage improvement (at max)











ID Recovery ID (Part Offset Skew Rotation
10 10 10 101010 30.94 0 0 0 10 -30 -30 0
10 10 11 101011 29.37 0.0769 0.0417 1 11 -25 -25 15
10 10 12 101012 29.17 0.1538 0.0833 2 12 -20 -20 30
10 10 13 101013 33.79 0.2308 0.125 3 13 -15 -15 45
10 10 14 101014 36.07 0.3077 0.1667 4 14 -10 -10 60
10 10 15 101015 34.43 0.3846 0.2083 5 15 -5 -5 75
10 10 16 101016 35.58 0.4615 0.25 6 16 0 0 90
10 10 17 101017 31.56 0.5385 0.2917 7 17 5 5 105
10 10 18 101018 31.03 0.6154 0.3333 8 18 10 10 120
10 10 19 101019 34.76 0.6923 0.375 9 19 15 15 135
10 10 20 101020 30.98 0.7692 0.4167 10 20 20 20 150
10 10 21 101021 29.23 0.8462 0.4583 11 21 25 25 165
10 10 22 101022 27.14 0.9231 0.5 12 22 30 30 180
10 11 10 101110 28.18 1 0.5417 13 23 195
10 11 11 101111 28.78 0.5833 14 24 210
10 11 12 101112 28.24 0.625 15 25 225
10 11 13 101113 32.37 0.6667 16 26 240
10 11 14 101114 35.6 0.7083 17 27 255
10 11 15 101115 35.13 0.75 18 28 270
10 11 16 101116 34.89 0.7917 19 29 285
10 11 17 101117 34.63 0.8333 20 30 300
10 11 18 101118 29.64 0.875 21 31 315
10 11 19 101119 33.13 0.9167 22 32 330
10 11 20 101120 34.76 0.9583 23 33 345
10 11 21 101121 29.23 1 24
10 11 22 101122 29.7

































Simulation Rot Skew Offset
1 Randomly chosen ID Recovery ID Recovery T
    
10 16 16 101616 35.86 101616 35.86
2 Neighbour
0.4784 0.8262 0.4047 Random numbers
-1 2 -1 From lookup table
9 18 15 New position
33 18 15 Confirm 331815 36.79 5000
33 18 15 331815 36.79
3 Neighbour
0.6726 0.5094 0.6711 Random numbers
1 0 1 From lookup table
34 18 16 New position
10 18 16 Confirm 101816 36.33 4500
10 18 16 101816 36.33
4 Neighbour
0.6427 0.0212 0.3655 Random numbers
1 -4 -2 From lookup table
11 14 14 New position
11 14 14 Confirm 111414 35.79 4050
11 14 14 111414 35.79
5 Neighbour
0.0229 0.681 0.9105 Random numbers
-4 1 3 From lookup table
7 15 17 New position



















































301412 29.56 2152.3 4.29 TRUE 1.002 0.0361 TRUE
301412 29.56
10. New position evaluated
The recovery for the new position is looked up
12.  Decision
The new position's recovery is compared with the old one.  Two Boolean operators are generated. The 
first states whether an improvement in recovery did occur.  The second states whether a random number 
between 0 and 1 is smaller than the exponent of (new recovery minus the old recovery) divided by the 
Temperature.  (See the Simulated annealing Algorithm description)  If either of the operators are 'TRUE' 
the focus will shift to the new position.
The process is repeated until the iteration limit is reached.
11. Temperature
The temperature is calculated as per cooling schedule.  In this 
instance cooling of 10% takes place every iteration.
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